Introduction
The South Equatorial Current (SEC) is the westward limb of the South Pacific subtropical gyre. It enters the Coral Sea primarily through the gap between New Caledonia and the Solomon Islands, and flows westward to the coast of Australia (Fig. 1) . It bifurcates at the coast, one part flowing southward to become the East Australian Current, the other part flowing northward via the North Queensland Current into the Solomon Sea (Qu and Lindstrom 2002; Kessler and Gourdeau 2007) . This latter pathway represents a principal water mass connection between the subtropical southwest Pacific and the equatorial ocean (Tsuchiya 1981) ; the possibility that transport changes along this pathway influence climate on the equator motivates study of the regional circulation.
Several sources of information have demonstrated that the broad westward flow feeding the Coral Sea is broken into several jets (Fig.1 ). Historical climatologies show zonal geostrophic jets extending west of the northern and southern tips of the large island groups of Fiji, Vanuatu and New Caledonia (Qu and Lindstrom 2002; Ridgway and Dunn 2003; Kessler and Gourdeau 2007) . These structures are also regularly depicted in OGCMs with sufficient horizontal resolution (Webb 2000) . Stanton et al. (2001) confirmed with CTD and ADCP observations the presence of a very narrow jet south of Fiji.. Although these jets mostly reflect the blocking effect of the islands on the SEC through "Island Rule" dynamics (Godfrey 1989) , some of the filamentary structure is inherent in the wind forcing and occurs well east of the islands (Kessler and Gourdeau 2006) .
Based on an OGCM and on the recent CSIRO Atlas of Regional Seas climatology (CARS; Ridgway et al. 2002) , Kessler and Gourdeau (2007) described three permanent jets: the North Vanuatu Jet (NVJ), and the North and South Caledonian Jets (NCJ and SCJ), centered at 13°S, 18°S, and 26°S, respectively (Fig. 1) . In the climatologies, the jets have maximum mean speed of about 10 cm s −1 , and subsurface maxima, with the core of the NVJ at 100m depth, and the core of the NCJ at 250 m depth, consistent with the north-south tilting of the subtropical gyre (Ridgway and Dunn 2003; Kessler and Gourdeau 2007) .
There are few direct observations of the jets. Sokolov and Rintoul (2000) analyzed the only existing full-depth section across the Coral and Tasman Seas: the WOCE P11S line from the tip of New Guinea, south along 154°E-156°E in the western Coral Sea, occupied in JuneJuly 1993. Taking geostrophic velocity relative to the bottom, they found peak speeds in the jet cores higher than climatology by a factor of two or more, and zonal speeds greater than 10 cm s −1 extending to about 800m depth. (Sherman et al. 2001) and is described by Davis et al. (2002) and Rudnick et al. (2004) . Spray cruises at 20-25 cm s −1 along a saw-tooth path with typical glide angles of 17 o from the horizontal, so that each of the 600 m dives on this mission took about 4 hours and covered 3 km horizontally. The 3-month track thus yielded a section of 573 TS profiles that were highly-resolved in space but also non-synoptic in time. The glider's position is determined by GPS at each surfacing, and each dive's data is reported immediately through Iridium satellites.
Absolute depth-averaged ocean velocity is derived from the difference between vehicle motion as measured by GPS fixes and the distance travelled through the water. The glider measures pressure and heading every 8 seconds, computes its vertical velocity from pressure, and uses a field-and laboratory-verified model of gliding dynamics to infer horizontal velocity through the water, which is integrated over the dive.. To the extent that vertical ocean velocities average to zero and drift at the surface does not contaminate the measurement of distance travelled through the water (see next section), a uniform glider vertical velocity leads to equal sampling at all depths. With vehicle velocity through the water known, the difference of dead-reckoning displacement and distance travelled gives the absolute vector ocean velocity averaged over the glider's operating depth range (Fig. 2 ). Temperature and salinity data yield the cross-track geostrophic shear referenced to the operating depth ( Fig 
4) OTHER DATA SETS
Wind data from the European Remote Sensing (ERS) satellite scatterometer are used to infer the Sverdrup transport based on the Godfrey (1989) "Island Rule". The island rule is a generalized Sverdrup streamfunction that determines the total transport between an island and the coast to its east (and thus the western boundary transport along the island's coast), using the interior wind-driven Sverdrup flow plus the assumption of cross-stream geostrophy in western boundary currents (see also Wajsowicz 1993 and Pedlosky et al. 1997) . The winds were processed into monthly, 1° latitude by 1° longitude gridded fields of stress components by the Centre ERS d'Archivage et de de Traitement (CERSAT) and obtained from their web site (http://www.ifremer.fr/cersat). A monthly average annual cycle was constructed from the 9.5 years of data, and the mean of that cycle was used for the curl and "Island Rule" transport.
The CSIRO Atlas of Regional Seas (CARS) compilation was produced by Ridgway et al.
(2002) from more than 65,000 temperature and salinity profiles in the region 10°N-50°S, 100°E-180° using a locally-weighted least squares mapping. The compilation uses a topographic weighting to minimize contamination of deeper oceanic regions by continental shelf waters, with an additional weighting function to avoid interpolation across topographic barriers. CARS fields are produced on a 1/2° latitude-longitude grid with 56 vertical levels.
b. Data calibration and correction

1) CRUISE DATA
Only the first few L-ADCP profiles were successful due to failure of the pressure case.
Fortunately this included a profile near the center of the narrow NCJ (the green circle in Fig. 2 ). L-ADCP measurements were processed following the method described by Fisher and Visbeck (1993) . The N/O Alis is also equipped with a shipboard VM-ADCP (« broadband », 150 kHz) which provides velocity profiles in the first 250 m depth, continuously. These data were helpful to compare with the L-ADCP profiles. Both data sources, even at the station where one instrument failed, are relatively consistent, and so the selected L-ADCP profiles are useful for our purpose (Fig. 6 ). Temperature and conductivity from Secalis3 CTD sensors have been pre and post calibrated, and a linear fit is applied on the salinity data set using the calibration values. Detailed information about the cruise, CTD calibration, and L-ADCP processing is given in the cruise report .
2) SPRAY GLIDER
A factory calibrated Sea Bird 41-CP CTD, specifically configured for use on gliders using a pumped-water system, was installed in Spray #1. Unfortunately an error in the installation instructions led to the conductivity cell's central electrode being held at the vehicle's ground potential, rather than the outer electrodes as intended. This allowed an unintended electrical path that affected calibration. In a spot pre-cruise check (expected accuracy ~ 0.05psu) the installed CTD read too fresh by 0.08psu. Comparison of Spray profiles with the Secalis3 data, CARS climatology, and a single Argo float showed consistency among temperature measurements but a consistent 0.09psu fresh bias in the reported Spray salinities. Whether this is an effect of the wiring polarity inversion (the sense seems wrong) or some postcalibration occurrence remains unclear, but all results reported here have been corrected by adding 0.09 to salinity. Although this introduces doubt into the salinity section itself (Fig. 5) , the constant offset has negligible effect on the geostrophic velocities computed using these values.
Comparison between the Secalis3 and glider data is possible north of 18°S ( ) and contribute a negligible error to measured currents, mainly to the alongtrack component. Spray's vertical velocity decreases during descent by 10-15% but is controlled to near a constant value on ascent. Consequently, the "depth-average" velocity weights deep depths 5-7% more than shallow depths and is presumably biased low, compared with uniform weighting, by a comparable amount.
After reaching the surface, Spray increases buoyancy for better GPS/Iridium communication, gets a GPS fix, communicates through Iridium, gets a second GPS fix, and reduces its volume to descend. Motion between the two GPS fixes is measured but the surface drift before and after the fixes can only be estimated. The total time spent at the surface is about 15 minutes while the time between fixes is one-third this. Depth-average velocity was computed two ways: (a) excluding only the measured surface motion and (b) using surface drift velocity from the GPS fixes to exclude the measured surface plus that from 10 minutes of drifting not measured by the GPS fixes. The difference between the two estimates of mean cross-track and along-track depth-average velocity over the 1640-km track are 2 mm s -1 or 5%. , which could produce up to a 5 Sv error to the crosstrack transport above 600 m between Guadalcanal and New Caledonia.
Results
For the remainder of this paper, we will be concerned with SEC flow through the gap between the northern tip of the New Caledonia reef at 18°S and Guadalcanal at 10°S (Fig. 1 ).
As noted above, this encompasses virtually all the transport entering the Coral Sea over the much larger range 23°S to 5°S. Transport values cited here are taken positive westward across the track into the Coral Sea.
Vectors of absolute vertically-averaged velocity for each dive along the glider section (Fig. 2) show two westward jets : a broad NVJ extending from about 10°S to 14°S, and a thin NCJ that rounds the extensive reef system extending north of New Caledonia at 17°-18°S.
These two jets are the dominant features of the SEC when it enters the Coral Sea. Note that the westward digression of the glider when crossing the NCJ reveals its inability to maintain course across such a strong current. A narrow eastward current is embedded along the southern Guadalcanal coast. Between the two jets, in the lee of Vanuatu (about 400km east of the track, Fig. 1 ), there is a band of less-organized, generally eastward flow. In the immediate lee of New Caledonia, the glider passed through a region of mesoscale currents suggestive of a series of strong eddies whose origin and properties are unknown, and which may be partly associated with gaps in the northern reef (Fig. 2) .
The integral of absolute crosstrack glider velocity over 0-600m from Guadalcanal to the New Caledonian reef gives a total of 32 Sv entering the Coral Sea (Fig. 3) . tracks also diverge at their southern ends where the current is most intense (Fig. 2) . The Geostrophic 0-600m cross-track transport relative to a 600m level of no motion, from either the glider or shipboard temperature and salinity, is only about half of the SolomonsNew Caledonia total, with most of the discrepancy between 16°S-18°S (Fig. 3) . The broad NVJ north of 14°S is clear in the shallow geostrophy, but with magnitude smaller by about 1/3, and it is primarily found above 300 m (Fig. 4) , while the narrow NCJ is virtually absent in the geostrophic shear above 600m (Figs. 3 and 4) . This reflects the characteristics of the upper thermocline (isotherms from about 14°-24°C), which slope down to the south until 14°S, then slope increasingly upwards to the New Caledonia reef edge at 18°S (Fig. 5a ). The resulting geostrophic shear produces the relatively shallow NVJ, which is clearly seen in 0-600m geostrophy (Fig. 3) , but the shallow geostrophic shear is generally eastward south of 14°S, with little sign of the NCJ at 17°S (Fig. 4, top) .
Isotherms deeper than 14°C, and also isohalines at these levels, continue to slope down to the south (but note that between the high-salinity core at about 175m and the salinity minimum near 600m the gradients of temperature and salinity tend to cancel). Right at the New Caledonia reef edge, the downward slope to the south of both isotherms and isohalines produces a narrow band of westward geostrophic shear extending to the deepest observations of the experiment, at 2000m (Fig. 5) .
The strong flow of the NCJ is therefore understood as due to these very deep structures, and not to the shape of the main thermocline. When absolute vertically-averaged velocity derived from the glider motion is used to reference the geostrophic shear (see section 2.a.2), relatively little modification is made to the NVJ (primarily at the far northern end of the section), but the NCJ appears as a deep, narrow, westward-moving column that is virtually barotropic over the upper 600m (Fig. 4, bottom) . The L-ADCP velocity profile at 17°5S (Fig. 6 ) confirms the picture from geostrophy, with consistent westward speeds about 20 cm s −1 down to 1100m. Although the bottom depth below the NCJ is about 4500m, the fact that the geostrophic transport relative to 2000m from the Secalis3 CTD profiles is close to the absolute transport from the glider (Fig. 3) suggests that flow below 2000m is relatively weak.
Serendipitously, an Argo float, deployed east of New Caledonia about 3 months before the glider mission, was taken up in the NCJ and advected past the glider section (Fig. 2) . Its velocity intensified as it passed the north extremity of the reef with a mean speed of 21 cm s Just south of the NCJ jet (past the tip of the reef), the glider crossed a narrow eastward flow with vertically-averaged speeds up to 14 cm s −1 (Fig. 2) , nearly as large as that of the jet itself, though its transport was much smaller (Fig. 3) . Then, at 19°S, it crossed another flow of similar magnitude, but to the west. This coincides with the position of a 400m-deep gap in the reef ("Le Grand Passage"), and there appears to be some westward flow through this strait.
Transport from glider motion is about 3 Sv, and an L-ADCP profile made just on the east side of the gap (not shown) indicates westward flow of more than 20 cm s −1 at 2-300m depth. On the other hand, this complex velocity structure may represent an eddy field generated as the jet separates from the reef, that confuses our picture of the NCJ itself.
Conclusion
The southwest Pacific between New Caledonia and Solomon Islands has been sampled both during an oceanographic cruise and by an autonomous underwater glider, providing These data demonstrate that the SEC is split into two branches: the North Vanuatu Jet and the North Caledonia Jet, as predicted by the "Island Rule" (Godfrey 1989) . Total westward transport through the gap between the Solomon Islands and New Caledonia is 32 Sv, comparable to that estimated previously along the P11S WOCE section occupied in 1993, 800
km to the west (Sokolov and Rintoul 2000) , but larger by 25% than indicated by historical hydrographic data compilations. Taking into account the extensive shallow reef systems surrounding these island groups, the measured 32 Sv is the total transport approaching the western boundary of the South Pacific between 23°S and 5°S at this time.
The description of the NVJ is relatively in accordance with climatology and model studies (Kessler and Gourdeau 2007) . It is suspected that this broad jet is due to the blocking effect of the Vanuatu islands in the SEC through "Island Rule" dynamics. Nevertheless, the winddriven Island Rule estimate is smaller than the NVJ transport. The NVJ is characterized by a high salinity core at thermocline depth, originating from the southeast Pacific (Hanawa and Talley, 2001) , which could be a useful tracer of this water mass into the Coral and Solomon
Seas.
This study provides a new description of the NCJ from those based on climatology and OGCM experiments (Kessler and Gourdeau 2007) , which show a relatively broad flow. Here, the NCJ was directly observed as a very thin structure just at the edge of the northern New The synergy shown in this study between relatively inexpensive observations with fine spatial scale from the underwater glider and more accurate and complete, but spatially coarse, ship-based measurements suggests how the combination can be used to observe both the structure and variability of large-scale current systems. A second similar mission is now in progress, with Spray #1 deployed during the recent Secalis4 cruise (7-22 November 2006), and we intend regular monitoring of this section and others in the region.
